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SUBJECT: R e v i e w  of Space S t a t i o n  
Technology Program Plan - 
C a s e  610  

DATE: February 4 ,  1970 

FROM: G .  M. Anderson, e t  a1 

MEMORANDUM FOR FILE 

The Space S t a t i o n  Technology P r o g r a m  Plan  has  been 
reviewed t o  i d e n t i f y  AAP t echno log ica l  suppor t .  
cover  t h e  v a r i e t y  o f  s u b j e c t s ,  rev iewers  w e r e  drawn from 
d i s c i p l i n a r y  a r e a s  w i t h i n  Bellcomm as w e l l  a s  from t h e  AAP 
Systems Engineering (MLS) . 

To adequate ly  

A s  a gu ide ,  each reviewer w a s  i n s t r u c t e d  t o  conduct 
t h e  review wi th  two primary o b j e c t i v e s  i n  mind: 

1. t o  i d e n t i f y  t h e  suppor t  AAP i s  c u r r e n t l y  p lanning  
f o r  t h e  Space Stat ion/Space B a s e  ( S S B ) ,  and 

2 .  t o  i d e n t i f y  p o t e n t i a l  suppor t  which AAP might 
provide  f o r  t h e  SSB Program. 

I n  a d d i t i o n ,  each reviewer was encouraged t o  o f f e r  any 
sugges t ions  they  may have f o r  s t r e n g t h e n i n g  t h e  P lan  i t s e l f .  

The a t t a c h e d  responses  c a t a l o g  a weal th  of  r ea l  
and p o t e n t i a l  AAP suppor t  f o r  t h e  S S B .  Many problems are 
commonly shared  by t h e  AAP SWS c l u s t e r ,  which i s  a f i r s t  space  
s t a t i o n ,  and t h e  f u t u r e  more s o p h i s t i c a t e d  SSB.  Therefore ,  
much of t h e  b a s i c  t echno log ica l  exper ience  ga ined  i n  AAP i s  
a p p l i c a b l e  t o  t h e  SSB.  An i n d i c a t i o n  of t h i s  i s  mani fes ted  
i n  t h e  sugges t ions  o f f e r e d  by some reviewers f o r  s t r e n g t h e n i n g  
t h e  SSB P lan .  

F i n a l l y ,  s p e c i f i c  SSB r e l a t e d  experiments  and 
t e c h n o l o g i c a l  advances could be added t o  AAP. 
are enclosed.  Scheduling c o n s t r a i n t s  p rec lude  any s u b s t a n t i a l  
a d d i t i o n s  t o  SWS-I, however, SWS-I1 may o f f e r  a b e t t e r  
oppor tun i ty .  

Some sugges t ions  

27 P 
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01. STRUCTURES - R. K.  McFarland 

P r e s e n t  AAP Support  f o r  t h e  SSB 

1. SWS-I c u r r e n t l y  h a s  one experiment  t h a t  can be  s a i d  
t o  suppor t  SSB i n  t h e  s t r u c t u r e s  area, D 0 2 1 ,  which 
i s  t h e  Expandable Air lock Technology Experiment. A 
l i s t i n g  of cand ida te  experiments  f o r  SWS-I1 i n c l u d e s  
a t o p i c  "Large Expandable Space S t r u c t u r e " ,  which 
r e f e r s  t o  larGje s o l a r  a r r a y s ,  p a r a b o l i c  d i s h e s ,  and 
d i p o l e s .  Apart  from these two i t e m s ,  there are no  
s p e c i f i c  experiments  on SWS-I o r  proposed f o r  SWS-I1 
which would s u p p o r t  t h e  SSB i n  t h e  s t r u c t u r e s  a r e a .  

2 .  S t r u c t u r a l  technology or e n g i n e e r i n g  p r e c u r s o r  develop- 
ments planned f o r  SWS-I i n  suppor t  o f  SSB are: 

A. Development of l a r g e  deployable  s o l a r  a r r a y s .  
S m a l l  deployable  so l a r  a r r a y s  have been used 
i n  t h e  p a s t  f o r  manned s p a c e c r a f t ;  however, 
SWS-I w i l l  be the  f i r s t  manned s p a c e c r a f t  u s ing  
a s o l a r  a r r a y / b a t t e r y  e l e c t r i c a l  power system, 
and l a r g e  deployable  s o l a r  a r r a y s .  

B .  Module docking will occur  on SWS-I between the  
CSM and t h e  OWS, t h e  l a t t e r  be ing  a l a r g e  
f l e x i b l e  v e h i c l e .  The t echn iques  and s t r u c t u r e  
involved  have been taken d i r e c t l y  f r o m  t h e  
Apollo Program; however, f u r t h e r  re f inement  of 
t h e  r e s i d u a l  c l o s i n g  r a t e s  and a b e t t e r  under- 
s t a n d i n g  of t h e  r e s u l t i n g  docking loads  w i l l  be 
h e l p f u l  t o  t h e  SSB. 

C.  A deployable  meteoroid bumper w i l l  be used on 
t h e  SWS-I. 
technology w i l l  be d i r e c t l y  a p p l i c a b l e  t o  a 
l a r g e  area o r b i t a l  v e h i c l e  t h a t  has  a long  
o p e r a t i o n a l  l i f e t i m e .  

The development of meteoroid bumper 

N o  a d d i t i o n a l  s t r u c t u r a l  technology o r  e n g i n e e r i n g  
p r e c u r s o r  developments have been i d e n t i f i e d  f o r  SWS-11. 

P o t e n t i a l  AAP Support  fo r  t h e  SSB 

1. Experiments t h a t  could be added t o  SWS-I t o  suppor t  
SSB are: 

A. Docking and l a t c h i n g  loads  i n s t r u m e n t a t i o n .  
Q u a n t i t a t i v e  informat ion  on t h e  loads  imparted 
t o  t h e  OWS through t h e  MDA would be of c o n s i d e r a b l e  
va lue  t o  t h e  SSB des ign .  In p a r t i c u l a r ,  loads  
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t h a t  would occur  i n  t h e  ATM and s o l a r  a r r a y s ,  
and t h e  r e s u l t i n g  decay ra te  ( i . e . ,  damping) 
would be  m o s t  va luab le .  I n  a d d i t i o n ,  t h e  
measurement o f  t h e  OWS f r e e - f r e e  zero "G" nodal  
response  would provide  a unique oppor tun i ty  
t o  v e r i f y  p re sen t  a n a l y t i c a l  t echn iques ,  and t o  
b e t t e r  understand damping c h a r a c t e r i s t i c s  o f  
l a r g e  s t r u c t u r a l  systems i n  a ze ro  " G "  envi ron-  
ment. Th i s  experiment  could  c o n s i s t  o f  i n s t r u -  
menta t ion  only .  

B. Zero "G"  s losh ing .  The response  of  l i q u i d s  
i n  r i g i d  c o n t a i n e r s ,  i n  a ze ro  "G"  environment 
i s  n o t  expec ted  t o  be a problem f o r  SWS-I. 
However, i f  SWS-I1 o r  SSB r e q u i r e d  extreme 
s p a c e c r a f t  motion s t a b i l i t y ,  t h e  f l u i d  motion 
e f f e c t s  could  be t roublescme.  As d a t a  f o r  t h i s  
t ype  can be  obta ined  on ly  i n  o r b i t ,  SWS-I would 
provide  a unique oppor tun i ty  t o  e v a l u a t e  t h e  
loads due t o  zero 'IG" s l o s h i n g ,  and o b t a i n  
damping informat ion .  The experiment  could  be 
done wi th  e x i s t i n g  t a n k s ,  t h u s  n e c e s s i t a t i n g  
in s t rumen ta t ion  only .  However, v a r i c u s  shaped 
t anks  would immensely improve t h e  exper imenta l  
r e s u l t s .  

Experiments t o  be  cons idered  f o r  SWS-I1 i n  suppor t  
o f  SSB a r e :  

A .  Meteoroid P ro tec t ion .  The Space S t a t i o n  
Technology Program Plan  s ta tes  t h a t  a s p e c i f i c  
proposa l  f o r  a meteoroid p r o t e c t i c n  experiment  
on t h e  Dry Workshop i s  being prepared .  Th i s  i s  
a t h i c k  material  exper iment ,  and w i l l  r educe  t h e  
u n c e r t a i n t y  i n  t h e  impact f l u x ,  and p rcv ide  means 
of improving p e n e t r a t i o n  t h e o r i e s .  

2. S t r u c t u r a l  technology o r  eng inee r ing  p recu r so r  
development t h a t  could be added t o  SWS-I or 11. 

For SWS-11, t h e  use  of  a s m a l l  area l i g h t w e i g h t  
u n f u r l a b l e  s o l a r  a r r a y  i n  conjunct ion  w i t h  the 
p r e s e n t  deployable  a r r a y s  would provide  t h e  t echnology 
f o r  SSB s o l a r  a r r a y  areas much l a r g e r  t han  t h o s e  on 
SWS-I and SWS-11. T h e  u n f u r l a b l e  a r r a y s  Ci.e., ro l l -up  
a r r a y s )  have mul t ip l e  deployment c a p a b i l i t y  and could  
reduce  s o l a r  a r r a y  weight by as  much a s  a f a c t o r  of 
f i v e  of t hose  on SWS-I. 
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02. THERMAL SYSTEMS - J. E. Waldo 

P r e s e n t  AAP S u m o r t  f o r  t h e  SSB 

1. Cur ren t ly  planned AAP experiments  which suppor t  SSB: 

(none ) 

2.  Curren t  AAP technology and eng inee r ing  p r e c u r s o r  
developments which suppor t  SSB: 

AAP thermal  c o n t r o l ,  systems are c h a r a c t e r i s t i c a l l y  
Apollo s t a t e - o f - t h e - a r t  and invo lve  no new s i g n i f i c a n t  
advances t h a t  would s u p p o r t  SSB. However, c o n s i d e r a b l e  
exper ience  has  been ga ined  i n  ana lyz ing  and i n t e g r a t i n g  
t h e  v a r i o u s  l a r g e ,  d i v e r s i f i e d ,  and complicated thermal  
c o n t r o l  systems. T h e r m a l  network model r educ t ion  i s  
an impor tan t  p a r t  of t h i s  e f f o r t  as c a r r i e d  o u t  a t  MSFC 
and Bellcomm. Although t h e  hardware may be d i f f e r e n t ,  
it i s  expec ted  t h e  SSB w i l l  i nvo lve  much t h e  same kind  
of i n t e g r a t i o n  and a n a l y t i c a l  t echniques .  

P o t e n t i a l  AAP Support  f o r  t h e  SSB 

1. Add i t iona l  AAP experiments t h a t  could  s u p p o r t  SSB: 

A. 

B. 

C. 

P r e s e n t l y ,  a number of  tempera tures  are measured 
and monitored during AAP mis s ions  ( 4 6  measured 
tempera tures  i n  t h e  OWS a l o n e ) .  This  p rov ides  an  
e x c e l l e n t  oppor tun i ty  t o  e v a l u a t e  bas i c  modeling 
techniques  which i s  probably t h e  b i g g e s t  con t r ibu -  
t i o n  t h a t  AAP could make t o  thermal  systems des ign .  
The b e s t  way t o  achieve  t h i s  i s  t o  a s s i g n  a formal  
experiment ,  e.g. c u t  o f f  a l l  OWS w a s t e  h e a t  and 
measure t r a n s i e n t  tempera ture  response  f o r  some 
s p e c i f i e d  per iod.  Later ,  a f t e r  comparison wi th  
a n a l y t i c a l  p r e d i c t i o n s ,  b a s i c  techniques  can be  
eva lua ted  t o  unde r l ine  a n a l y t i c a l  shortcomings.  
Scale model tes ts  could be performed and compared 
w i t h  f l i g h t  and a n a l y t i c a l  data t o  b e t t e r  e s t a b l i s h  
modeling and s c a l i n g  techniques .  

A l a r g e  h e a t  pipe could be wrapped around t h e  OWS, 
or  t h e  AM-MDA, t o , e s t a b l i s h ,  i n  space ,  t h e  f e a s i b i l -  
i t y  of  s t a r t i n g ,  s topping  and c o n t r o l l i n g  h e a t  p ipes .  

Heat s c reens  such as louve r s ,  shades ,  o r  even 
i n f l a t a b l e  screens  and cocoons could  be t r i e d  as 
experiments  o r  inco rpora t ed  as p a r t  o f  t h e  basic 
des ign .  
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0 . 4  ATTITUDE CONTROL PROPULSION SYSTEM - J. Kranton 
In general, the technology in attitude control 

propulsion is at a high level of maturity. But the long 
lifetime that would be required of the propulsion system 
on the SSB has not been demonstrated. Consequently, if 
the SWS-I1 has a requirement f o r  substantial impulse, say 
more than 200,000 lb-sec, development may be justified 
for a long lifetime hypergolic bipropellant system or a 
monopropellant hydrazine system. (On the Wet Workshop, 
development had begun on a long life hypergolic bipropel- 
lant system.) 
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0.5 ELECTRICAL POWER - B. W. MOSS 

Present AAP Technology Support for the SSB 

The following listed technology items being developed 
as part of AAP relate directly to areas specified in the 
support plan and are referenced to the appropriate plan 
page numbers. 

1. Power Distribution and Control (5-2) 

Present AAP plans call for parallel operation of the 
AM and ATM EPS's each rated approximately 4 kw. The tech- 
niques involved in power distribution, load switching and 
circuit protection are directly applicable although the 
SS/B load levels will be considerably higher. Component 
developments now in progress (5-5) would be directly 
applicable if space qualified. Computer simulation pro- 
grams have been developed (Martin-Denver and Bellcomm) 
which permit evaluation of load-sharing performance of 
paralleled systems with different performance character- 
istics. These can readily be extended to systems with 
more than two sources and more than the present number of 
distribution points. 

2. Power Conditioning (5-7) 

The CBRM developed for the ATM has the capability 
of delivering 200 to 250 watts of regulated output and 
contains a rechargeable NiCd battery, a charger, and a 
regulator. The Power Conditioning Group (PCG) developed 
for the AM can deliver 525 to 550 watts of regulated 
output. While these are small considering the require- 
ment of 25 to 100 kw for SS/B, the technology is directly 
applicable and these subsystems could be used without 
modification. 

Inverters have been developed for providing ac 
power and have been flown in the CSM and LM. They are 
small in capacity (about 150 va) but the technology exists 
for providing reasonable blocks of ac power. The variable- 
speed constant-frequency (VASCOF) system under study by 
NASC is applicable only to a system using a driven alter- 
nator with no speed control. 

3 .  Auxiliary Power Units (5-10) 

Both the Pratt and Whitney and the Allis-Chalmers 
Fuel Cell Powerplants have been qualified for space 
flight. Each can provide 2 kw continuously, the PW unit 
for 1500 hrs and the A-C unit for 2500 hrs. 
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4 .  Mult i -Kilowatt  Solar  Array/Bat te ry  Power Genera t ing  
Program (5-17) 

The AM EPS u t i l i z e s  a 1360 sq f t  s o l a r  a r r a y  
r a t e d  1 2  kw us ing  e i g h t  33 AH NiCd b a t t e r i e s  f o r  an 
EPS cont inuous power c a p a b i l i t y  of approximately 4 kw. 
The ATM EPS u t i l i z e s  a n  1 1 6 0  sq f t  s o l a r  a r r a y  r a t e d  
10.5 kw us ing  e i g h t e e n  CBRM's ( 2 0  AH each) f o r  an  EPS 
cont inuous power c a p a b i l i t y  of  approximately 3.8 kw. 
Th i s  technology,  wh i l e  r e l a t i v e l y  u n s o p h i s t i c a t e d  
compared t o  t h e  a v a i l a b l e  s t a t e - o f - t h e - a r t ,  i s  e a s i l y  
extended us ing  t h e  p r e s e n t  d e s i g n  i n t o  a l a r g e r  c a p a c i t y  
system (upwards of 2 5  kw) .  

5. Thermal Cont ro l  f o r  Power  Generat ion Systems (5-22) 

The p a s s i v e  cool ing  used on t h e  ATM CBRM's  p robably  
cannot  be extended much beyond t h e  p r e s e n t  system capa- 
b i l i t y  because of t h e  phys i ca l  l i m i t a t i o n s  on s i z e  of  
r a d i a t i n g  s u r f a c e s .  

The c o l d  p l a t e s  f o r  u s e  on t h e  AM P C G ' s  a r e  d i r e c t l y  
a p p l i c a b l e  t o  SS/B usage a l though  l i m i t a t i o n s  on hea t  
r e j e c t i o n  ra te  c a p a b i l i t y  may h inde r  t h e i r  u s e f u l n e s s .  

The coo l ing  system on t h e  S M  f o r  u se  wi th  t h e  F C P ' s  
can c e r t a i n l y  be used unmodified wherever t h e  F C P ' s  a r e  
used.  

P o t e n t i a l  AAP Technology Support  f o r  t h e  SSB 

The fo l lowing  l i s t e d  technology i t e m s  are t h o s e  t h a t  
could reasonably  be added t o  or used i n  p l a c e  of t h o s e  base-  
l i n e d  f o r  SWS-I o r  planned f o r  SWS-11. 

1. An i n t e g r a t e d  EPS using t h e  desired techniques  d e s c r i b e d  
i n  t h e  Plan could be flown on SWS-I t o  prove f e a s i b i l i t y  
and t o  e v a l u a t e  system performance. The system con- 
f i g u r a t i o n  could be 

A. S o l a r  Array - two 250 s q  f t  r o l l - u p  (Ryan, 
F a i r c h i l d - H i l l e r ,  o r  G E ) .  Array o u t p u t  i s  
5000 w a t  4 0  t o  1 0 0  v .d . c .  

B. Ba t t e ry  - f o u r  3 3  AH AM b a t t e r i e s  o r  e i g h t  
20 AH ATM b a t t e r i e s .  

C. Charger - f o u r  AM c h a r g e r s  o r  e i g h t  ATM 
cha rge r s .  
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D. Inverter - 2.5 Kva 3 phase, 35 to 45 v.d.c. 
input, 120/208 v.q.c. output, select operating 
frequency in the range of 400 Hz to 1600 Hz. 

E. Rectifier/Regulator - provide two or more 
rectifier/regulator combinations using AM 
regulator package for providing 28 v.d.c. 
locally as required. 

2 .  Use Pratt and Whitney or Allis-Chalmers FCP's for 
auxiliary power instead of batteries. Improvement 
in life and maintainability is necessary if FCP's 
are to be considered. Radioisotope Thermoelectric 
Generators (RTG) have been flown and are attractive 
but only in the l o w  power regime. 

3 .  Consider the use of an Isotope Brayton Cycle Power 
System on SWS-I1 if a sufficient quantity of fuel 
(Pu 238) can be available. 
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0 6 .  LIFE SUPPORT - J. J. Sakolosky 

P r e s e n t  AAP S u m o r t  f o r  t h e  SSB 

1. Current  AAP Experiments Suppor t ing  SSB 

A. M507 Gravi ty  S u b s t i t u t e  Workbench - 
M50 8 EVA/IVA Hardware Evalua t ion  - 
M151 T i m e  and Motion Study - 

These t h r e e  experiments  suppor t  SSB by 
p rov id ing  data on an a s t r o n a u t ' s  a b i l i t y  t o  
perform simple work func t ions  i n  a zero-g 
environment,  on a l t e r n a t e  zero-g r e s t r a i n t  
systems, and on t h e  comparative ease or  
d i f f i c u l t y  encountered by t h e  c r e w  i n  per -  
forming r o u t i n e ,  d a i l y  t a s k s  i n  a zero-g 
environment. These d a t a  w i l l  be u s e f u l  i n  
t h e  des ign  of main ta inable  systems f o r  t h e  
SSB. 

B. M487 Habi tabi l i ty/Crew Quar t e r s  - 
This  experiment w i l l  p rovide  data  f o r  

t h e  des ign  of crew q u a r t e r s  compartments i n  
f u t u r e  s p a c e c r a f t .  

2 .  Curren t  AAP Technology Suppor t ing  SSB 

A. The f o u r  bed, regenerable  molecular  s ieve used 
f o r  adsorbing C02 i n  t h e  AAP C l u s t e r  w i l l  p rov ide  
direct  suppor t  t o  f u t u r e  molecular  sieve develop- 
ment f o r  the SSB. 

B .  The AAP waste management system u t i l i z e s  vacuum 
dry ing  as a means of p r e s e r v a t i o n  p r i o r  t o  storage 
of feces. The "dry john" waste management sys tem 
be ing  developed by LRC for  t h e  space  s t a t i o n  a lso 
employs vacuum drying;  exper ience  gained from t h e  
AAp program may prove u s e f u l .  

C. The AAP C l u s t e r  t w o  gas atmospheric  c o n t r o l  sub- 
system u t i l i z e s  a Beckman 0 p a r t i a l  p r e s s u r e  2 
s e n s o r  t o  c o n t r o l  t o t a l  a tmospheric  p r e s s u r e  t o  
5.0 + . 3  p s i a  and O2 p a r t i a l  p r e s s u r e  t o  3.7 - 
p s i a  nominal. 
s i g n i f i c a n t l y  u t i l i z e  AAP technology i n  t h e  d e s i g n  
of  a t w o  gas c o n t r o l  system f o r  t h e  SSP (Space 
S t a t i o n  Prototype)  and t h e  ILSS ( I n t e g r a t e d  L i f e  
Support  Sys t e m )  . 

Both MSC and LRC are expec ted  t o  
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D. The AAP C l u s t e r  Water Management System u t i l i z e s  
i o d i n e  as a b a c t e r i c i d e  t o  c o n t r o l  micro-organism 
growth, Iod ine  is one of t h e  chemical a d d i t i v e s  
under c o n s i d e r a t i o n  as a b a c t e r i c i d e  f o r  t h e  SSB. 

E .  The i n t e g r a t e d  atmospheric con t ro l / t he rma l  c o n t r o l  
subsystem which c o n t r o l s  a tmospher ic  tempera ture ,  
humidi ty ,  C 0 2  l e v e l ,  odors ,  and atmospheric  c i r c u -  
l a t i o n  i n  t h e  AAP C l u s t e r  w i l l  p rovide  d a t a  a p p l i -  
c a b l e  t o  atmospheric  c o n t r o l  of t he  l a r g e  cabin  
volumes a s s o c i a t e d  w i t h  SSB. 

P o t e n t i a l  AAP Support  f o r  t h e  SSB 

1. P o t e n t i a l  AAP Experiments Suppor t ing  SSB 

A. A f u l l  body shower experiment  which would i n c l u d e  
a c losed  loop w a t e r  rec lamat ion  s y s  t e m  r e q u i r i n g  
p e r i o d i c  maintenance could provide  suppor t  f o r  
SSB i n  s e v e r a l  a r eas  of f u t u r e  development. 
Opera t iona l  d a t a  ob ta ined  from use  of a f u l l  
body shower i n  a zero-g environment would provide  
a s u b s t a n t i a l  d a t a  base  from which t o  des ign  an 
optimum whole  body c l e a n s i n g  u n i t  f o r  t h e  SSB. 
D a t a  ob ta ined  from t h e  r e q u i r e d  i n - f l i g h t  
maintenance func t ions  ( t h e  b reak ing  of w a t e r  
l i n e s  and replacement of expendable f i l t e r s  i n  
t h e  water rec lamat ion  system a r e  env i s ioned)  
would be of use  i n  t h e  des ign  of ma in ta inab le  
l i f e  suppor t  systems f o r  t h e  SSB. 

2. P o t e n t i a l  AAP Technology Support  SSB 

A. The development and use  of a c a t a l y t i c  o x i d i z e r  
f o r  t h e  c o n t r o l  of trace contaminants  i n  t h e  AAP 
C l u s t e r  would i n c r e a s e  t h e  s o p h i s t i c a t i o n  of t h e  
AAP system as w e l l  a s  provid ing  suppor t  f o r  SSB. 
The c a t a l y t i c  o x i d i z e r  o x i d i z e s  trace contaminants  
such as CO, H2, and o ther  hydrocarbons t o  l a r g e r ,  
less harmful  molecules.  
w i th  low atmospheric leak r a t e s ,  t h i s  may be t h e  
primary means of t r a c e  contaminant c o n t r o l .  

For f u t u r e  s p a c e c r a f t  

O 2 '  N2 B. A mass spec t rometer  which d e t e c t s  C02, 

and H20 has  been used s u c c e s s f u l l y  i n  t h e  

atmospheric  c o n t r o l  system of Project T e k t i t e .  
I t s  use  i n  t h e  AAP could improve t h e  C l u s t e r  
a tmospheric  monitoring system a s  w e l l  a s  provide  
f o r  t h e  SSB. 
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C. A system of v i t a l  importance t o  t h e  s u c c e s s  
of f u t u r e  s p a c e c r a f t  i s  t h e  w a t e r  management 
system. The AAP could suppor t  t h e  SSB i n  
deve loping  techniques and procedures  f o r  
monitor ing water  p o t a b i l i t y  and i n s u r i n g  wa te r  
s t e r i l i t y .  I n  p a r t i c u l a r ,  work i s  now underway 
a t  MSC and LRC t o  develop a w a t e r  p o t a b i l i t y  
ana lyze r .  This  might be flown on SWS 11 i f  t h e  
system has reached a f l i g h t  hardware s t a g e  a t  
t h a t  p o i n t .  I n  a d d i t i o n ,  s e v e r a l  methods of 
water s t e r i l i z a t i o n - - t h e  u s e  of a s i lver  i o n  
g e n e r a t o r  and/or t h e  use  of thermal  s t e r i l -  
i z a t i o n  techniques--could be i n v e s t i g a t e d  t o  
provide  suppor t  f o r  SSB. 
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0 7 .  COMMUNICATIONS - R. L. Selden 

13. INSTRUMENTATION 

P r e s e n t  AAP Support  f o r  t h e  SSB 

The fo l lowing  technology be ing  developed f o r  AAP 
re lates  d i r e c t l y  t o  a reas  s p e c i f i e d  i n  t h e  suppor t  
p l a n .  References t o  page numbers of  t h e  suppor t  p l an  
where t h e  a p p r o p r i a t e  technology i s  d i s c u s s e d  are 
inc luded  i n  p a r e n t h e s i s .  

1. 

2 .  

3. 

4 .  

(Page 7-11)  Implement development of high ga in  
an tennas .  The proposed microwave imaging expe r i -  
ment t h a t  i s  p a r t  of t h e  proposed AAP e a r t h  
r e sources  package inc ludes  a 40 i nch  by 40 inch  
X-Band a r r a y  antenna. Th i s  an tenna ,  w i th  i t s  2' 
beamwidth, i s  t y p i c a l  of t h o s e  t h a t  might be used 
i n  a space  s t a t i o n - d a t a  r e l a y  s a t e l l i t e  system. 
Component technology a s s o c i a t e d  wi th  t h i s  expe r i -  
ment t o  be conducted a t  1 0  GHz i s  also a p p l i c a b l e  
(page 7 - 2 2 ) .  

(Page 7-17)  Autonomous experiment  d a t a  systems. 
The experiments  i n  AAP t h a t  are ass igned  t o  t h e  
CSM (e .g .  S071/072) a r e  designed as autonomous 
u n i t s  i n c l u d i n g  a d a t a  system and data  s t o r a g e .  
These should be a t  l e a s t  p recuso r  des igns  of 
f u t u r e  experiment packages where  i n  t h e  f u t u r e  
t h e  r e l i a b i l i t y ,  m a i n t a i n a b i l i t y  and c a p a c i t y  of 
t h e s e  subsystems i s  i n c r e a s e d .  

(Page 7-17)  Hard copy p r i n t e r .  SWS-I w i l l  be 
provided wi th  t h e  c a p a b i l i t y  of a hands f r e e  
ope ra t ed  hard  copy t e l e p r i n t e r .  This  t e l e p r i n t e r  
may i n c l u d e  t h e  c a p a b i l i t y  f o r  bo th  c h a r a c t e r  
p r i n t  o u t  as w e l l  as f a c s i m i l e .  

(Page 7-11)  E lec t romagnet ic  Compa t ib i l i t y  (EMC) 
Analys is .  This  type a n a l y s i s  i s  be ing  accomplished 
f o r  SWS-I. This  AAP exper ience  should provide  
re f inements  i n  techniques  and a be t te r  p h y s i c a l  
unders tanding  of EMC problems. 
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P o t e n t i a l  AAP Support  f o r  t h e  SSB 

The technology l i s t e d  below f o r  SWS-I1 i n c l u d e s  
t h a t  which can reasonably be  added t o  o r  i n  p l a c e  of 
t h a t  used on SWS-I. 

1. 

2. 

3 .  

4 .  

Prov i s ion  f o r  an I n t e l s a t  I V  Communications 
S a t e l l i t e  r e l a y  t e rmina l  on SWS-I1 would provide  
developed technology i n  d i r e c t  suppor t  o f  SSB. 
S p e c i f i c  r e l a t e d  t echno log ie s  inc lude :  

A. 

B. 

C. 

D. 

Development of  a low-noise ( n o i s e  f i g u r e  of  
5dB) p r e a m p l i f i e r  a t  C-Band (page 7-10).  

Determination of techniques  f o r  s e l e c t i n g  
optimum antenna systems f o r  a s p e c i f i e d  
s p a c e c r a f t  c o n f i g u r a t i o n  and m i s s i o n  suppor t  
requirements  (page 7 -11) .  

Implementation of a h igh  ga in  antenna (page 7 -11) .  
For SWS-11, an antenna wi th  a beamwidth of one 
degree  or  less could be implemented. 

Development of computer p o i n t i n g  and s t e e r i n g  
techniques  f o r  a h igh  g a i n  antenna (page 7 - 1 1 ) .  
A cand ida te  p o i n t i n g  and s t e e r i n g  system f o r  
t h e  antenna a s s o c i a t e d  w i t h  an I n t e l s a t  I V  
t e r m i n a l  i s  one us ing  t h e  computer (s )  of t h e  
ATM t o  p o i n t  ( a c q u i s i t i o n )  and/or steer.  

SWS-I1 could be provided wi th  a f u l l y  i n t e g r a t e d  
d a t a  system t h a t  i n c l u d e s  a computer f o r  f o r m a t t i n g ,  
d a t a  se lec t ion  and d a t a  compression. (There has  
been some i n v e s t i g a t i o n  of  t h i s  f o r  SWS-I u s i n g  t h e  
computer t h a t  i s  p a r t  of an  onboard checkout system. 
This  checkout system has  been d e l i v e r e d  t o  MSC i n  
a f l i g h t  v e r s i o n  and i n c l u d e s  a 4n/EP computer.) 
(page 7-51 

The system proposed i n  2 above could a l so  be 
implemented wi th  a coded d a t a  l i n k .  This  i s  
p a r t i c u l a r l y  a t t r a c t i v e  i f  a r e l a y  s a t e l l i t e  i s  
used. (page 7-5)  

The use of autonomous experiment d a t a  systems could 
be expanded and f u r t h e r  developed on SWS-11. (page 7-17) 
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5. A common, very  s t a b l e ,  t iming  system could  be 
implemented on SWS-I1 t h a t  would s a t i s f y  a l l  
module t iming  requirements .  T h i s  system could 
be t h e  one descr ibed  i n  t h e  technology p l a n  on 
(page 13-10) .  

6 .  T e l e v i s i o n  system development, p a r t i c u l a r l y  
cameras, l i k e  t h a t  proposed i n  t h e  SSB Technology 
Plan i s  a l r eady  i n  p rogres s .  Much of  t h i s  develop- 
ment i s  be ing  accomplished i n  s u p p o r t  of t h e  E a r t h  
Resources Technology S a t e l l i t e  (ERTS) program. I t  
i s  conce ivable  t h a t  an ERTS type  payload or  a 
s t e l l a r  ATM on SWS-I1 could employ a t e l e v i s i o n  
camera w i t h  a r e s o l u t i o n  of bet ter  than  3000 l i n e s .  
(page 7-16)  

General  Comments 

The I & C  p o r t i o n  of the  SSB technology program p l a n  
i n  many p l a c e s  i s  t o o  gene ra l .  D e s c r i p t o r s  l i k e  e f f i c i e n t ,  
h igh  ga in ,  low w e i g h t ,  e t c . ,  are used throughout  w i thou t  
be ing  r e l a t e d  t o  s p e c i f i c  goa l s .  The p l an  a l s o  has some 
i n c o n s i s t a n c i e s .  For example, t h e  R F  s e c t i o n  r e q u i r e s  
technology development a t  S ,  X and C-Band w h i l e  t h e  
component technology s e c t i o n  s t a t e s  an i n t e r e s t  i n  on ly  
C and S-Band. I would assume t h a t  an i t e r a t i o n  of t h i s  
p l a n  would add technology t h a t  has  been developed b u t  
has n o t  as y e t  been used i n  a NASA manned space  f l i g h t  
program. An example of t h i s  would be programable 
t e l e m e t r y  systems developed as advanced technology a s  
w e l l  as f o r  unmanned space programs. 

Two s p e c i f i c  a r e a s  seem t o  m e  t o  be worthy of 
comment. The p l an  calls f o r  development of commercial 
t y p e  te lephone  systems t o  be used throughout  t h e  SSB 
and between t h e  SSB and e a r t h .  A t  t h e  same t i m e ,  it 
sugges t s  development of v o i c e  bandwidth compression 
t echn iques  (e .g .  vocoders ) .  These development e f f o r t s  
would s e e m  t o  be a t  odds wi th  one ano the r .  A d d i t i o n a l l y ,  
I do n o t  b e l i e v e  a compressed audio  channel  would 
s a t i s f y  S S B  requirements  (such as vo ice  f i d e l i t y ,  
c o m p a t i b i l i t y  wi th  commercial e a r t h  based systems,  e tc . )  . 
I would recommend t h a t  t h i s  e f f o r t  be d e l e t e d .  The 
second a r e a ,  worthy of comment, i s  one of  omission.  
Development of systems and components are proposed fo r  
FU? systems u s i n g  S ,  C and X-Band f r equenc ie s  and f o r  
laser systems. No development i s  suggested f o r  t h e  
f r equenc ie s  between X-Band ( a l O G H z )  and l i g h t .  These 
are t h e  m i l l i m e t e r  wave f r equenc ie s  g e n e r a l l y  between 
1 0  and l O O G H z  ( i nc lud ing  t h e  Q and V bands ) .  I would 
recommend e f f o r t  i n  t h i s  area be added t o  t h e  p l an .  
( T e r r e s t r i a l  u s e r s  and t h e  m i l i t a r y  a r e  showing a l o t  
of i n t e r e s t  i n  t h i s  technology.)  



BELLCOMM, INC. 

08.  STABILIZATION AND CONTROL - J. Kranton 

P r e s e n t  AAP Support  f o r  t h e  SSB 

Much of what w i l l  be l ea rned  i n  t h e  d e s i g n  of t h e  
A t t i t u d e  Cont ro l  System f o r  t h e  SWS-I w i l l  b e n e f i t  t h e  
SSB. I n  p a r t i c u l a r ,  

1. U s e  of c o n t r o l  moment gyroscopes ( 2 0 0 0  ft-lb-sec, 
2 y e a r  l i f e t i m e )  for  c o n t r o l  of  s p a c e c r a f t  r e l a t i v e  
t o  i n e r t i a l  and l o c a l  v e r t i c a l  r e f e r e n c e s .  

2.  Cont ro l  l a w s  f o r  CMGs and r e a c t i o n - t h r u s t e r s  f o r  
s t a b i l i z a t i o n  of a f l e x i b l e  multibody s p a c e c r a f t  
whose mass p r o p e r t i e s  change. 

3 .  Redundancy management t o  t h e  b lack  box l e v e l  under 
computer c o n t r o l .  

P o t e n t i a l  AAP Support  f o r  t h e  SSB 

1. An a r t i f i c i a l - g  experiment w i t h  an a t t i t u d e  c o n t r o l  
system t h a t  features m a s s  rebalance t o  o r i e n t  t h e  
p r i n c i p a l  a x i s  of maximum moment-of-inertia t o  t h e  
s p a c e c r a f t  and p o i n t s  t h a t  a x i s  t o  t h e  sun. 

2 .  A magnetic t o rque  system for  momentum management 
of CMGs. T h i s  would o b v i a t e  t h e  need f o r  r e a c t i o n  
t h r u s t  or  a t t i t u d e  maneuvers t o  dump b ias  momentum. 
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1 0 .  GUIDANCE AND NAVIGATION - D. A. DeGraaf 

P r e s e n t  AAP Support  f o r  t h e  SSB 

I t  appears  t h a t  cont inuous on-board n a v i g a t i o n  i s  
be ing  cons idered  f o r  t h e  SSB. Th i s  would r e q u i r e  long  
l i f e  au tomat ic  s e n s o r s  with no moving p a r t s  t o  make 
n a v i g a t i o n a l  obse rva t ions  ( I R  h o r i z o n  s e n s o r  - p.  10 -7 ;  
sun s e n s o r  - p. 10-8; I R  yaw s t e e r i n g  - p.  10-8; s t a r  
f i e l d  mapper - p. 10-8) .  However, such a complicated 
system i s  n o t  j u s t i f i e d .  I n  AAP, one of t h e  f i r s t  
t h i n g s  t h a t  i s  done a f t e r  a v e h i c l e  arrives i n  o r b i t  
i s  t h a t  i t s  computer i s  tu rned  o f f .  Continuous on-board 
n a v i g a t i o n  i s  n o t  requi red .  The o r b i t  does n o t  change; 
an occasional ground r ada r  measurement i s  s u f f i c i e n t  
t o  monitor  t h e  s a t e l l i t e ' s  p o s i t i o n  and v e l o c i t y .  For 
t h o s e  rare occas ions  when on-board n a v i g a t i o n  i s  needed, 
s imple  schemes work f i n e .  I n  a d d i t i o n ,  Apollo f l i g h t s  
have b e a u t i f u l l y  demonstrated t h e  e f f e c t i v e n e s s  of 
l u n a r  landmark t r a c k i n g  us ing  t h e  Apollo G&N o p t i c s .  
Experiment D009, Simple Naviga t ion ,  on Gemini V I 1  and 
Experiment T 0 0 2 ,  Manual Navigat ion S i g h t i n g s ,  showed 
t h e  e f f e c t i v e n e s s  and l i m i t a t i o n s  of hand-held s e x t a n t s .  
They are now be ing  considered f o r  r e p e t i t i o n  i n  t h e  AAP 
Program i f  f e a s i b l e .  Experiment M439, Star /Horizon 
Automatic Tracking w a s  r e c e n t l y  withdrawn from AAP by 
t h e  MSFEB because requi red  maneuvers cannot  be done. 

A t t i t u d e  c o n t r o l  i s  a n o t h e r  s t o r y .  Continuous,  
long t e r m ,  h igh  r e l i a b i l i t y  components a r e  e s s e n t i a l .  
The AAP CMG's  and t h e  a s s o c i a t e d  redundant  d i g i t a l  
computer and i t s  sof tware f a c e  t h i s  requirement  
squa re ly .  The d i f f i c u l t y  of  b u i l d i n g  meaningful 
redundancy i n t o  a computing f a c i l i t y  t h a t  a c t u a l l y  
ex tends  i t s  u s e f u l  l i f e  can s c a r c e l y  be  o v e r s t a t e d .  

Rendezvous r a d a r  - an e x c e l l e n t  model i s  a v a i l a b l e  
from t h e  Apollo Program. 

Docking s e n s o r  - a q u e s t i o n a b l e  need. W e  b r i e f l y  
cons idered  t h e  l a s e r  r ada r  f o r  u s e  i n  a u t o m a t i c a l l y  
docking t h e  unmanned LM/ATM, b u t  it was n o t  a v a i l a b l e  
i n  t i m e  or budget ,  so we adopted manual remote c o n t r o l  
of docking. I t  i s  simple,  and it works f i n e .  I n  
a d d i t i o n ,  as long a s  the re  i s  a p i l o t  aboard,  au tomat ic  
docking i s  n o t  r e a l l y  needed. 
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P o t e n t i a l  AAP Support  f o r  t h e  SSB 

Any of t h e  new advanced a t t i t u d e  s e n s o r s  could  be 
carried on SWS-I1 i f  a f l i g h t  tes t  w a s  desired. I t  i s  
a l so  c e r t a i n  t h a t  no th ing  a t  a l l  can be added t o  SWS-I 
w i t h i n  t h e  remaining time and money. ( N o  c u r r e n t  
experiments  i n  AAP suppor t  t h e  SSB concepts  proposed.)  

General  Comments 

Great emphasis is p laced  on commonality between G&N 
equipment i n  t h e  space  s t a t i o n  and s h u t t l e .  T h i s  i s  n o t  
r easonab le  s i n c e  t h e  t w o  systems w i l l  perform acc idend ly  
d i f f e r e n t  f u n c t i o n s .  The s h u t t l e  performs many maneuvers. 
However, t h e  only  maneuvers r e q u i r e d  of a SSB would seem 
t o  be fo r  combating o r b i t  decay,  and t h a t  s u r e l y  can be 
done manually. 
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18. CHECKOUT - C. H. E l e y ,  I11 

P r e s e n t  AAP Support  f o r  t h e  SSB 

The suppor t  AAP i s  c u r r e n t l y  p lanning  f o r  t h e  SSB 
i n  t h e  area of checkout is  p r i m a r i l y  on-board data manage- 
ment. There i s  no th ing  new wi th  r e s p e c t  t o  ground check- 
o u t .  

The on-board d a t a  management system i n  AAP should  
g r e a t l y  c o n t r i b u t e  t o  development of t h e  Informat ion  
Management System ( I M S )  f o r  t h e  SSB. S p e c i f i c  hardware 
t h a t  t h e  O r b i t a l  Workshop (OWS) w i l l  c a r r y  c o n s i s t s  of: 

1. Data b u f f e r  u n i t  and m a s s  memory 

2 .  F l i g h t  computer 

3 .  Contro l  and d i s p l a y  u n i t  

The b a s i c  o p e r a t i o n  of t h e  AAP equipment w i l l  be  t o  
t a k e  s e l e c t e d  d a t a  o f f  of the t e l e m e t r y  b i t - s t r e a m  f o r  
p rocess ing  and d i s p l a y  t o  t h e  f l i g h t  c r e w .  Th i s  w i l l  
a c t u a l l y  be i n  t h e  ca tegory  of an experiment  t o  as-sess 
t h e  des ign  and u t i l i t y  of such a system i n  space .  

P o t e n t i a l  AAP Support  f o r  t h e  SSB 

A t  p r e s e n t ,  there appears  t o  be l i t t l e  i n  t h e  a r e a  
of ground checkout w i t h  r e s p e c t  t o  technology o r  eng inee r -  
i n g  p r e c u r s o r  developments t h a t  could be added t o  t h e  OWS 
t o  suppor t  t h e  SSB. 

General  Comments 

The checkout p o r t i o n  of t h e  Space S t a t i o n  Technology 
Program Plan needs t o  be r e w r i t t e n  and a clearer d i s t i n c t i o n  
made between ground checkout equipment, on-board checkout  
equipment and t h e  i n t e r f a c e  between t h e  t w o .  The checkout  
concept  p re sen ted  i n  t h e  p l a n  appears  f a r  more a p p l i c a b l e  
t o  t h e  Space S h u t t l e  than t h e  SSB. 
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19. ASTRONAUT EQUIPMENT - W. W. Hough 
L. D. S o r t l a n d  

W e  have reviewed t h e  s u b j e c t  p o r t i o n s  of t h e  Space 
S t a t i o n  Technology Plan .  Cur ren t  t e c h n o l o g i c a l  s u p p o r t  
provided by AAP i s  l i s t e d .  P o s s i b l e  a d d i t i o n a l  s u p p o r t  
of the Plan  t h a t  might be provided by AAP i s  a l s o  l i s t e d ,  
i n c l u d i n g  comments on t h e  c a p a b i l i t y  of SWS-I t o  provide  
such suppor t .  I f  it i s  judged i n f e a s i b l e  f o r  SWS-I t o  
be modif ied,  because of c o s t  o r  schedule  impact ,  t h e  
added AAP t e c h n o l o g i c a l  s u p p o r t  must w a i t  f o r  SWS-11. 

P r e s e n t  AAP Suppor t  f o r  t h e  SSB 

Through both  experiments  and planned o p e r a t i o n a l  
modes, AAP w i l l  be suppor t ing  the development of 
a s t r o n a u t  equipment. Experiment M508 i s  des igned  t o  
e v a l u a t e  t h e  work a b i l i t y  of a man wear ing  advanced 
space  s u i t s ,  and thus  provide an e v a l u a t i o n  of t h e  
s u i t s  themselves .  Two experiments d e a l  s p e c i f i c a l l y  
wi th  t h e  e v a l u a t i o n  of maneuvering a ids  f o r  a s t r o n a u t s .  
These a r e  t h e  M509 Maneuvering Unit  and t h e  TO20 Jet  
Shoes. 

E x t r a v e h i c u l a r  a c t i v i t y  i s  used i n  AAP as t h e  only 
o p e r a t i o n a l  mode f o r  ATM f i l m  r e t r i e v a l .  Th i s  should  
provide  more informat ion  on t h e  a c c e p t a b i l i t y ,  or  
p o s s i b l y  t h e  d e s i r a b i l i t y ,  of EVA as a normal o p e r a t i n g  
procedure.  

AAP c u r r e n t l y  p l ans  t o  e v a l u a t e  new i n t e r v e h i c u l a r  
garment des igns ,  b u t  w i l l  n o t  go so f a r  a s  t o  provide  
l aunde r ing  c a p a b i l i t y .  

P o t e n t i a l  AAP Support  f o r  t h e  SSB 

AAP uses  an open-loop, vehicle-dependent ,  l i f e  
suppor t  system f o r  o p e r a t i o n a l  EVA, and i s  n o t ,  as a 
program, deve loping  advanced, c losed- loop ,  p o r t a b l e  
s y s  t e m s  . Such advanced s y s  t e m s  are be ing  developed,  
however, and AAP can  se rve  as a t e s t  bed f o r  them. 
I n  t h e  case of p o r t a b l e  equipment such as t h i s ,  t h e r e  
would be no cost or schedule  impact t o  t h e  Program, and 
i f  t h e  systems are ready, t h e y  could be flown on SWS-I. 
I n  SWS-11, advanced p o r t a b l e  systems,  h igh  m o b i l i t y  
s u i t s ,  and t h e  experience of  o p e r a t i o n a l  EVA on SWS-I 
might be combined t o  give much g r e a t e r  o p e r a t i o n a l  EVA 
c a p a b i l i t y .  
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3 0 .  BIOMEDICAL/BEHAVIOR - R. E. McGaughy 
Present AAP Support for the SSB 

1. SWS experiments which support the SSB: All of the 
approved AAP medical experiments are designed to support 
the SSB because they will test the capabilities of man 
in space and measure his adaptation to weightlessness. 

2. SWS technology and engineering precursor developments 
which support SSB:  

A. The IMBLMS medical measurement system will be ready 
for SWS I1 and will be more extensively developed 
for SSB. 

B. Improved microbiological and toxicological monitor- 
ing of the crew quarters will lead to a complete 
system in SSB flights. 

Potential AAP Support for the SSB 

1. Experiments which could be added to SWS to support SSB: 

A. A systematic method of crew behavior observations 
similar to the methods used in the Tektite project. 
This should be aimed at evaluating personal adjustment 
and social interaction among crew members, and re- 
quires several on-board TV cameras and a special 
private communications link one way from spacecraft 
to ground. 

B. On-line measurements of the electroencephalogram 
(brain-wave) of crew members, at least during sleep 
but also during waking hours. 

2. Technology developments which could be added to SWS to 
support SSB: 

A. The IMBLMS capability could be expanded to emphasize 
comprehensive data collection for each crew member 
and automatic correlation of on-line data with his 
past medical history. The goal would be to make an 
on-line diagnosis of medical problems and to predict 
crew readiness to undertake the next mission phase. 

B. Medical studies aimed at assessing the value of 
artificial gravity in counteracting any adverse effects 
of zero gravity which might show up in the 56-day 
weightless SWS I mission. 



' 
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33. INFORMATION MANAGEMENT SYSTEM - D. 0. Baechler  

P o t e n t i a l  AAP Support  f o r  t h e  SSB 

1. The SSB program has  a requirement  f o r  i n t e r f a c i n g  d a t a  
streams from s e v e r a l  sou rces  (page 33-14) and f o r  
reducing  redundancy t o  e f f e c t  d a t a  compression (page 
33-19). T h i s  requirement  i s  p a r t i c u l a r l y  impor t an t  
because t h e  o v e r a l l  s i z e  and complexity o f  t h e  space  
s t a t i o n  i s  such t h a t  raw d a t a  from t h e  many d i f f e r e n t  
sou rces  cannot  f e a s i b l y  be handled any o t h e r  way. 

I t  has  been suggested t h a t  t h r e e  real  t i m e  AAP d a t a  
streams be merged and compressed us ing  a redundancy 
r educ t ion  a lgor i thm.  A Bellcomm Memorandum f o r  F i l e ,  
"Onboard Computing C a p a b i l i t y  Required t o  Compress AAP 
Telemetry Data ,"  January 7 ,  1970,  concluded t h a t  based 
p r i m a r i l y  on a GSFC s tudy  it would be f e a s i b l e  t o  merge 
o n l y  t w o  of t h e  s t reams i f  an IBM 4 P I /EP  computer was 
used. F u r t h e r  s tudy  of t h i s  problem wi th  t h e  g o a l  of 
demonst ra t ing  compression and i n t e r f a c i n g  o f  m o r e  t han  
one d a t a  stream would suppor t  t h e  SSB requi rements  s t a t e d  
above. 

2. The concept  of  a d a t a  bus a f f e c t s  t h e  e n t i r e  space  
s t a t i o n  des ign  and t h e r e f o r e  i t s  f e a s i b i l i t y  d e s e r v e s  
e a r l y  s tudy.  Also, so f tware  and hardware must be 
developed t o  provide  a h igh  degree of  i n t e r a c t i o n  between 
t h e  I M S  and t h e  c r e w  members who do n o t  have e x t e n s i v e  
programmer t r a i n i n g .  The MSC onboard checkout system 
desc r ibed  on page 33-9 is  capable  of demonst ra t ing  t h e s e  
techniques .  I t  i s  being cons idered  a s  an AAP experiment  
t o  demonstrate  t h e  use of  mul t ipurpose  d i s p l a y s  and a 
h igh - l eve l  i n t e r a c t i v e  language t h a t  can be used by 
persons  wi th  no t r a i n i n g  i n  t h e  language. This  f e a s i b i l -  
i t y  demonstrat ion should be encouraged, and an a t t empt  
should  be made t o  p a r t i a l l y  i n t e g r a t e  t h e  system i n t o  AAP 
t o  s tudy  t h e  f e a s i b i l i t y  of t h e  d a t a  bus concept .  

General  Comments 

I n  g e n e r a l ,  t h e  Information Management System p o r t i o n  of 
t h e  Space S t a t i o n  Technology Program Plan i s  rea l i s t ic  and 
i s  i n  agreement w i t h  s t u d i e s  by Bellcomm's NASA Computer 
Technology Group. The fo l lowing  a r e  sugges t ions  f o r  s t r e n g t h -  
en ing  t h e  p lan .  

The schedule  f o r  sof tware  development seems o v e r l y  
o p t i m i s t i c ;  so f tware  may be t h e  pacing i t e m  i n  t h e  I M S  
development and i s  worthy of s e p a r a t e  s tudy  of  t h e  type  out -  
l i n e d  f o r  hardware i n  Sec t ion  A ,  IMS Analysis .  
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A very important statement on page 33-10 is that ground 
rules must be imposed on subsystem designers during the 
initial vehicle design phases to standardize subsystem 
interfaces and checkout philosophies. This is equally 
important to support the data bus concept. It could be added 
that subsystem designers must provide diagnostic procedures 
that can be used in developing the maintenance support system. 

The objectives outlined in the technical matrix are 
generally realistic although there are some fine points that 
could be discussed - for instance, 10 bit computer active 
memories in 1972 will probably consume 20 watts rather than 
10 watts. Two significant points are that (1) cycle times 
for spacecraft LSI computers in 1972 and 1977 will probably 
be significantly less than the 10 psec and 2 psec listed and 
(2) plated wire memories are good candidates for mass memory 
in 1972, yet they are not mentioned anywhere in the program 
plan while an overly optimistic view of optic memory is taken. 

8 
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36. MECHANICAL SYSTEMS - R. J. Ravera 

P r e s e n t  Support  AAP is  Providing t o  t h e  SSB 

1. 

2. 

3 .  

4. 

5. 

6 .  

Docking and o r b i t a l  assembly (pages 36-2): There i s  a 
weal th  of relevant Apollo and AAP expe r i ence  concern ing  
a n a l y t i c a l  methods and tes t  t echn iques  i n  t h e  a r e a  o f  
docking. This  exper ience  e x i s t s  i n  each  of t h e  f i v e  
t a s k s  l i s t e d  on page 36-3. 

Windows: AAP experiment S-190, M u l t i s p e c t r a l  Photographic  
F a c i l i t y  i n t e r f a c e s  wi th  a 16-1/2" by 1 9 "  window which 
w i l l  be  r e q u i r e d  t o  r e t a i n  h igh  o p t i c a l  q u a l i t y  f o r  t h e  
8 month AAP miss ion .  There are window s p e c i f i c a t i o n s  
made f o r  p a r a l l e l i s m ,  o p t i c a l  q u a l i t y ,  s eeds  and bubbles ,  
r e s i s t a n c e  t o  damage, s u r f a c e  q u a l i t y ,  t r a n s m i t t a n c e  and 
c o a t i n g s .  

A i r locks  and ha tches :  There w i l l  be much AAP des ign  
and performance exper ience  on a i r l o c k s  and ha tches .  AAP 
c u r r e n t l y  has  f o u r  a i r l o c k s :  an EVA a i r l o c k  i n  t h e  AM, 
an a i r l o c k  f o r  r e fuse  dump i n  t h e  SWS, and two s c i e n t i f i c  
a i r l o c k s  on o p p o s i t e  sides of  t h e  SWS. There a r e  i n  
a d d i t i o n  s e v e r a l  ha tches :  between SWS and AM, SWS t o  
waste  t ank ,  CM t o  MDA, EVA ha tch  i n  AM a i r lock ' ,  and ha tches  
f r o m  AM a i r l o c k  t o  forward and a f t  compartments of t h e  AM. 

Ro ta t ing  i n t e r f a c e s :  The Apollo Telescope Mount (ATM) 
can be viewed a s  a we l l  ins t rumented  t e s t -bed  f o r  r o t a t i n g  
i n t e r f a c e  hardware i n  a space  environment.  It  i n c l u d e s  
gimbals ,  r o l l  r i n g s ,  b e a r i n g s ,  movable o p t i c s ,  mechanical 
d r i v e s  and a s s o c i a t e d  l u b r i c a n t s .  On some components, 
comparative wear tests are now be ing  run  between d r y  and 
w e t  l u b r i c a n t s .  

Assembly of hardware i n  o r b i t :  AAP experiments  M508 
(EVA Hardware Evalua t ion)  and M512(Materials P rocess ing  
i n  Space) might be  a p p l i c a b l e .  

Other devices :  AAP exper ience  on proposed materials and 
l u b r i c a n t s ,  i n  t h e  a r e a s  of c o n t r o l  and development, 
can be u s e f u l .  N o t e ,  f o r  example, t h e  document "ATM 
Materials Cont ro l  f o r  Contamination Due t o  Outgass ing ,"  
50M02442, MSFC. This document r e f e r e n c e s  materials f o r  
approval  o r  d i sapprova l  i n  a space  environment. N e w  
materials such as Dupont's VESPEL which has  s e l f  l u b r i c a t -  
i n g  p r o p e r t i e s ,  and new l u b r i c a n t s  such as B a l l  Bro the r s '  
VAC KOTE w i l l  be  eva lua ted  on AAP. The des ign  and 
performance i n  a space environment of  c o n t r o l  moment gy ros ,  
f l e x  p i v o t s  and o t h e r  dev ices  and p rocesses  should be 
r e l e v a n t  t o  space s t a t i o n  t e c h n o l o g i c a l  requi rements .  
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37. CRYOGENICS - R. J. Ravera 

P r e s e n t  AAP Support  for t h e  SSB 

1. Appl icable  AAP support  i s  r e l a t e d  p r i m a r i l y  t o  t a s k s  
1) and 2 )  on page 37-3. NASA funded t h e  Bendix Corp.,  
Instrument and L i f e  Support  D iv i s ion ,  t o  develop t h e  
Cryogenic G a s  Storage System (CGSS) f o r  AAP (Con t rac t  
NAS 9-7689). The c o n t r a c t  was cance l l ed  a few months 
a f t e r  t h e  c r i t i c a l  design review w i t h  t h e  advent  of t h e  
d ry  workshop. Never the less ,  AAP has  funded r e sea rch  and 
development of a CGSS wi th  41 .5"  OD tanks  f o r  60-90 day 
miss ion  c a p a b i l i t y ;  t h i s  e f f o r t  probably r e p r e s e n t s  t h e  
s t a t e - o f - t h e - a r t ,  as i s  acknowledged i n  Table  37-11, 
under "1969 s t a t u s . "  Bendix f e e l s  t h e  b a s i c  CGSS des ign  
can be adapted f o r  360 day mis s ions ,  a 1 9 7 2  o b j e c t i v e  
i n  Table 37-11. 
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3 8 .  MATERIALS - J. E. Waldo 

P r e s e n t  AAP S u w o r t  f o r  t h e  S S B  

1. C u r r e n t l y  planned AAP experiments  w i l l  g i v e  needed d a t a  
on launch and space  deg rada t ion  of  c o a t i n g s ,  which can 
be used f o r  SSB and o t h e r  miss ions .  

A. M415 - Groupings o f  v a r i o u s  thermal  c o n t r o l  c o a t i n g s  
are mounted on t h e  in s t rumen t  u n i t  o f  t h e  launch 
v e h i c l e .  They a r e  s e q u e n t i a l l y  exposed d u r i n g  
launch ,  and t h e i r  t empera tures  are measured i n  o r b i t .  

B. D O 2 4  - Thermal c o n t r o l  c o a t i n g s  a r e  exposed i n  t h e  
ear th  o r b i t  environment and then  r e t u r n e d .  (This  
experiment  has been accepted . )  

2. Curren t  AAP technology and eng inee r ing  p r e c u r s o r  develop- 
ments which s u p p o r t  SSB: 

A. The i n s t i t u t i o n  of a two-gas environment has  been 
c i t e d  (page 38-1) as c r e a t i n g  a need f o r  more 
materials research. S i n c e  AAP l a r e a d y  has  a two-gas 
environment,  t h e  need for  such research should be 
g r e a t l y  diminished. 

B. AAP now employs f u s i b l e  m a t e r i a l s  f o r  heat  s t o r a g e  
(wax c a p a c i t o r  i n  t h e  A M ) .  

C. D O 2 1  - "Expandable a i r lock" which tes ts  t h e  
f e a s i b i l i t y  of expandable s t r u c t u r e s .  

P o t e n t i a l  AAP Support  f o r  t h e  SSB 

1. Addi t iona l  AAP experiments  t h a t  could  s u p p o r t  SSB: 

A. The p o s s i b i l i t y  of us ing  p e e l a b l e  thermal c o n t r o l  
c o a t i n g s  t o  extend u s e f u l  l i f e  or  a d j u s t  thermal 
c h a r a c t e r i s t i c s  could be tested. A p a r t i c u l a r  problem 
h e r e  is  developing easy  f a s t e n i n g  or  bonding tech-  
n iques  t h a t  resist space  vacuum. 

B. Some p h o t o t r o p i c  c o a t i n g s  ( E  and a vary  w i t h  
tempera ture)  have been i n v e s t i g a t e d .  T h e i r  behav io r  
i n  space  could be t e s t e d  on AAP. 

2. Add i t iona l  technology and eng inee r ing  p r e c u r s o r  develop- 
ments t h a t  could  suppor t  SSB: 

I n f l a t a b l e  s t r u c t u r e s ,  a s  p a r t  of a sun s h i e l d ,  could  
be i n c o r p o r a t e d  i n  t h e  AAP miss ions  wi thou t  undue 
schedu l ing  d i f f i c u l t i e s .  
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39. AEROTHERMODYNAMICS - D. A. D e  Graaf 

P r e s e n t  AAP Support  f o r  t h e  SSB 

1. I f  t o d a y ' s  atmospheric models are inadequa te  f o r  space  
s t a t i o n  s t u d i e s ,  it i s  too bad. The Jacchia model used 
i n  AAP almost p e r f e c t l y  p r e d i c t s  d e n s i t y ,  provided 
s o l a r  a c t i v i t y  i s  i n p u t .  Unfo r tuna te ly ,  t h i s  key para-  
meter cannot  be p r e d i c t e d ,  excep t  g r o s s l y .  Thus, d r a g  
dependent factors,  such as o rb i t -keep ing  p ropu l s ion  and 
a t t i t u d e  c o n t r o l  p ropu l s ion ,  must be s i z e d  t o  contend 
wi th  a c o n s i d e r a b l e  range o f  u n c e r t a i n t y .  (On page 39-3 
it says  t h e  Jacchia Atmosphere i s  l i m i t e d  t o  s u b o r b i t a l  
a l t i t u d e s .  I n  f a c t ,  it i s  good on ly  a t  o r b i t a l  a l t i t u d e s ,  
up t o  550 Km.) 

P r e c i s i o n  t r a c k i n g  of t h e  AAP workshop w i l l  add more 
data t o  deduce h igh  a l t i t u d e  d e n s i t y ,  b u t  probably n o t  
as good data  as from several hundred p r i o r  sa te l l i t es .  
Waste ven t ing  and random a t t i t u d e  naneuvers  can be 
expec ted  t o  p e r t u r b  t h e  o r b i t s  - bo th  f o r  AAP and t h e  
space s t a t i o n .  

General  Comments 

Plume impingement seems t o  be a black a r t  today. But 
it i s  a l so  n o t  much of a problem. The c u r r e n t  AAP t h i n k i n g  
i s  t h a t  w e  have no s t r u c t u r a l  problems b u t  t h a t  contaminat ion 
of t h e  so la r  pane l s  and thermal  c o n t r o l  s u r f a c e s  are a b i t  
o f  a mystery. Conceivably, AAP expe r i ence  w i l l  prove u s e f u l .  
Photographs of t h e  SWS be fo re  and a f t e r  exposure might a l s o  
be u s e f u l ,  b u t  t h e r e  are no p l a n s  t o  ge t  some. Experiment 
D 0 2 4 ,  Thermal Cont ro l  Coat ings,  i s  des igned  t o  measure e f f e c t s  
o f  space exposure.  
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40 .  MAN-SYSTEM-VEHICLE INTEGRATION - W. W. Hough 
L. D. Sortland 

Present AAP Technology Support for the SSB 

AAP is the first manned program to really emphasize 
the habitability aspects of space flight. Most of the sub- 
elements of habitability detailed in the Plan (pages 40-2/  
40-4)  have been included in the design of the SWS, and the 
AAP design will be evaluated by the three AAP crews. These 
include zero-g crew quarters and working areas. An experiment 
is devoted to evaluation of a zero-g work bench. Crewman 
mobility and restraint in zero-g and in a large volume will 
be evaluated. Many new concepts in food and food management 
will be tried in AAP, including freezers and ovens. A zero-g 
galley, eating area, and ward-room will be provided. 

AAP's waste management system is designed around specific 
medical experiments which require sampling and treating of 
human waste. Although some features will be the same in 
SSB, evaluation of an operational biowaste system is impossible 
in AAP in view of the medical requirements. 
evaluation of housekeeping problems encountered in large 
living volumes. 

AAP will permit 

The safety-assurance equipment section of the plan dis- 
cusses many safety devices that would be inapplicable and 
useless in AAP. The author of the section apparently 
visualizes the space station as a big red-cross in the sky. 
AAP does include an emergency warning system for fire and 
depressurization, but little else in this author's wish-list. 

AAp is supporting the development of human factors 
technology through the habitability support system and through 
flight demonstration of selected equipment. 

Potential AAP Technology Support for the SSB 

An artificial gravity experiment has been proposed for 
the second SWS. If implemented, the rotating environment and 
an architecture for artificial-g can be evaluated in SWS-11. 
So can the effects on crewman mobility, internal cargo 
handling, etc. 

If medical experiment requirements are satisfied during 
SWS-I, then a more advanced waste-management system might be 
included and evaluated in SWS-11. A whole-body shower and 
an intravehicular garment laundry are examples of systems 
which could be integrated with SWS-I1 as either technology 
experiments or operational systems. 
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